Abstract-In this paper, we report our recent findings about a first principles, multipole-based model of electric and magnetic cable braid penetrations. We consider for brevity a onedimensional array of wires, but the model can be readily applied to realistic cable geometries. Comparisons between the first principles method and analytical formulas will be provided for both electric and magnetic penetration cases. These comparisons confirm that our first principles model works within the geometric characteristics of many commercial cables.
INTRODUCTION
Limiting potential damage or upset of critical components due to electromagnetic coupling through electromagnetic pathways is a challenging task. One well-known pathway into components is electromagnetic penetration through braided shields used in cables. Braided cables are generally modeled via transfer parameters (impedance T Z and admittance T Y , used to model the shield properties related to the braid weave characteristics and material) and self parameters (impedance c Z and admittance c Y , which are formed by the inner conductor and the shield) [1] [2] [3] [4] [5] [6] [7] . This paper discusses our recent results regarding a first principles, multipole-based cable braid electromagnetic (electric and magnetic) penetration model [5, 6, [8] [9] [10] , which is able to provide estimates for all the canonical parameters of braided cables mentioned above. Our model delivers results based on the geometrical parameters of the cable in question and therefore also enables accounting for non-ideal geometry variations.
We will use our first principles model on the canonical structure [11] in Fig. 1 , a one-dimensional array of wires, which can be modeled analytically through a multipole-conformal mapping expansion for the wire charges.
II. ELECTRIC PENETRATION
Consider the electric problem when dielectric materials are present around the array of wires as in Fig. 1 . We take two dielectric half spaces with permittivities 1 ε and 2 ε above and below the wires, with the interfaces being at = ℎ and = −ℎ , respectively. Note that the wires have radius a and period 2w, and are in a material with permittivity 0 ε for −ℎ < < ℎ and < ℎ , ℎ .
The transfer elastance of the grid can be defined by We want to compute the potentials c φ and b φ (both internal and external) that will be used to determine the transfer capacitance T C and the self capacitance 1 C . We decompose the total field into a uniform electric displacement plus a field generated by the multipolar charges. Because we are representing the braid wires by line multipole moment segments, these charge multipoles can be imaged in the dielectric interfaces to represent the potential in the various regions, as described in [10, 12] . Then, illuminating from below, for the shadow side of the structure, we evaluate a total potential far . Considering up to order M = 2 (quadrupole) and M = 3 (octopole), we plot in Fig. 2 the elastance computed using i c, φ from the first principles model versus w a as dark gray curves. We also report the analytical solution [10] as a red curve. One can notice that the agreement with the analytical conformal mapping solution is best when using up to the octopole moment, covering a dynamic range of up to 6 . 0 = w a . These results confirm that our first principles model works within the geometric characteristics of many commercial cables. More details will be shown during the presentation. 
III. MAGNETIC PENETRATION
This is a dual problem to the electric penetration model of an array of wires discussed in the previous section [13] . One can again find analytical expressions for the one dimensional array of wires that can be compared to the first principles method solution [14] . Results will be shown during the presentation.
IV. CONCLUSION
We have reported recent results on electric and magnetic penetration using our first principles, multipole-based cable braid electromagnetic penetration model. The case of a onedimensional array of wires was studied for brevity, but the model can be readily applied to realistic cable geometries. Comparisons of the transfer elastance from the first principles penetration model and the one obtained using an analytical method were shown. Magnetic penetration was also analyzed and results will be shown in the presentation. Our model is applicable within the characteristics of many commercial cables and takes into account the dependence on the actual cable geometry.
